wenty-nine strains of streptococci from patients with subacute bacterial endocarditis, three type cultures of S&epbococcw sunguis, and eighty strains of streptococci f r o m the blood of persons after dental extraction were tested physiologically and semlogidy.
Six endocarditis strains, fall into Lancefield p u p H and four into Lancefield group D; the remaining nineteen were serologically heterogenous. Thirteen of the endocarditis strains produced a serologically reactive dedran in sucrose broth. Of these five were group H streptococci; the rest represented several serological types.
Of the three dextran-producing strains of Str. sargub examined, types I and 1/11 were placed in Lancefield p u p H, whereas type I1 was serologically distinct.
The eighty strains from dental bacteraemias included ten which produced a dextran; five of these were p u p H streptococci.
The classification of the ' viridans ' streptococci is notoriously unsatisfactory.
Serological examination of strains from subacute bacterial endocarditis has revealed occasional ' viridans ' streptococci which have been placed in the various Laneefield p u p s (Solowey, 1942; Wheeler & Foley, 1945;  Penistan, 1945; Loewe & Alture-Werber, 1946) . Hehre & Neill(l946) demonstrated that twenty-two out of forty-eight endocarditis streptococci synthesized a polysaccharide from sucrose broth, a property also possessed by nine haemolytic group H streptocacci tested. The polysaccharide was identified chemically and serologically as a dextran, and it was noted that it reacted in high dilution with type I1 pneumococcus serum. Three of the twenty-two dextran-producing endocarditis strains had been submitted to these workers because they had reacted in precipitin tests with group H serum, but the only other dextranproducing strain tested did not react with this serum. Although there were many physiological similarities between the haemolytic group H streptococci and the polysaccharide-producing endocarditis strains, the writers pointed out that this did not necessarily mean that the latter should be classed as group H in the Lancefield system. At about the same time another group of workers noted that about one-third of the streptococci from subacute bacterial endocarditis formed a homogenous variety or species which they termed Streptococcus 8.b.e. (Loewe, 1945; Loewe & Alture-Werlner, 1946; Loewe, Plummer, Niven & Sherman, 1946) . Niven, Kiziuta & White (1946) described polysaccharide formation in sucrose broth as an outstanding feature of these strains, and considered it highly probable that the dextran-producing streptococci described by Hehre & Neil1 were identical with the species they were studying. gave a detailed account of the other physiological properties of this species, based upon an examination of forty-two cultures, and recommended the alternative name of Str. sanguis. Washburn, White & Niven (1946) , placed thirty-two strains of Str. s a w i s in type I, five in type I1 and five in type 1/11, using precipitin tests with sera prepared against heat-killed organisms. These typespecific sem did not react with Lancefield extracts of groups A to G, but apparently no group H extract was tested. All forty-two strains of Sir. sunguk reacted with 1/11 serum, although the five type I1 extracts gave only weak precipitation. It was felt that type 1/11 strains possessed two type-specific antigens rather than a group antigen. Dodd (1949) examined types I and I1 of Sir. saquis, and stated that extracts of both reacted with group H serum. According to her tables, however, type I extract reacted with type I1 serum, and vice versa. Dodd claimed, by using absorbed sera, to be able to recognize five precipitin types within group H, but it is questionable whether absorption had been adequate.
MATERIALS AND METHODS

Sources of s t r a h and sera.
Of twenty-nine endocarditis streptococci ten were kindly supplied by Prof. L. P. Garrod, nine were isolated by Dr M. G. McEntegart working in this department, and ten by the writer. Nine haemolytic streptococci of Lancefield group H were kindly supplied by Dr Fry, who also provided two samples of group H serum.
One haemolytic streptococcus of Lancefield group H was received from D r V. D. Allison, who also confirmed that another haemolytic strain (63A from a dental bacteraemia) was a member of group H.
Str. sanguw, types I, I1 and 1/11, were obtained from the National Collection of Type Cultures (N.C.T.C. nos. 7863, 7864 and 7865 respectively).
Eighty different streptococci were isolated from cultures of the blood from 61 of 100 normal persons sampled after dental extractions (McEntegart & Porterfield, 1949) .
Stock cultures were maintained on horse-blood agar slopes at 4'. Sera prepared against streptococci of Lancefield groups A to K, excluding E, and pneumococcus type 11, were obtained from Burroughs, Wellcome and Co. Ltd.
Cultacral a d b i o c h i d examinations.
Fermentation tests were carried out in 1 % (w/v) solutions of glucose, mannitol, lactose, salicin, sucrose, inulin and raffinose in peptone water, to which was added 5 % (v/v) horse serum and
Andrade's indicator. Acid production was recorded after 48 hr. incubation a t 3 7 ' . The effect on litmus milk was also noted. Hydrolysis of arginine was determined in the following medium, slightly modified from Niven, Smiley & Sherman (1942) . (Quantities here and elsewhere in per cent w/v unless otherwise mentioned.) Peptone, 0.5; Marmite, 0.5; I(BBpO,, 0-2; glucose, 0-5; D-arginine monohydrochloride, 0.3; pH 7-0. Readings were made after 8 days' incubation at 3 7 ' by adding one drop of Nessler's reagent to one large loopful of supernatant fluid on a porcelain tile. A heavy orange-coloured precipitate was interpreted as a positive reaction. Results were confirmed by adding 0-25ml. of Nessler's reagent to the test medium after 7 days' incubation.
Growth a t 45' was determined in 1% glucose-peptone water containing 5 % (v/v) horse serum and Andrade's indicator. Tubes were heated to 45' and J. s. p w j i e z a i n d a t e d with 0.05 ml. of an 18 hr. broth culture. Growth was detected by a change in the indicator, readings being made after 24 and 48 hr. incubation.
Growth in broth C Q~X & I~~ 6.5 yo NaC1 was detected by the presence of visible turbidity after 98 hr. hmbathn at 87'.
Haemolysis was observed on blood-agrrr plates containing 5 % (v/v) horse blood incubated aerobically and anaerobically.
Growth on bile-blood agar: plates containing 5 yo (v/v) horse blood with 10 or yo (v/v) ox bile were streaked with the strain to be tested and incubated a t 87'. Bile-tolerant strains produced clearly visible colonies after 48 hr,
The colonial appearance was studied on 6% sucrose agar plates incubated aerobically and anaerobically. The medium employed was a slight modification of that suggested by Niven, Smiley & Sherman (1941) and had? the following composition: peptone 1.0 yo; Marmite, 1.0 yo; K&3PO4, 0.3 Yo; gelatin, 5.0 yo;
Dextran-production in 5 yo sucrose broth was tested in the following medium, adopted from Niven, d al. (1946) : peptone, 1-0 %; Marmite, 0.5 %; &HP04, 0.3 %; sucrose, 5.0 %; pH 7.4. After 24 or 48 hr. incubation certain strains considerably increased the viscosity of this medium, which occasionally set solid. This property was recorded as 'visible gel formation in 5 % sucrose'.
One large loopful of the supernatant fluid of a 48 hr. culture was mixed with 0-05 ml. of 0-85 % NaCl on a porcelain tile giving a dilution of approximately 1/20. The mixture was then layered on top of 0-05 ml. of type I1 pneumococcus antiserum in a small precipitin tube, and the development of a ring precipitate at the interface was taken as a positive reaction and was recorded as 'dextran production in 5 % sucrose broth'. Preliminary tests indicated that the supernatant fluid was highly acid and gave a precipitate with normal serum, but this effect was abolished by diluting the fluid 1/10 or more. No attempt was made to determine the quantity of dextran produced, but certain strains gave a positive reaction when the supernatant fluid was diluted 1/320 or 1/640. Strains which were negative after 48 hr. incubation invariably remained negative when tested a t intervals throughout 1 week.
Serological tests. Antisera were prepared in rabbits using formol-killed suspensions according to the method of Lancefield ( 1 9 3 8~) . Acid extracts of streptococci for precipitin tests were prepared by Lancefield's (1933) method. Absorption tests were carried out using a two-stage modification of Lancefield's technique (Lancefield, 19383) .
RESULTS
Dextran was produced in sucrose broth by nine of eleven haemolytic group H streptococci, by all three strains of Str. surguis, by thirteen of twenty-nine endocarditis strains and by ten of eighty streptococci recovered from dental bacteraemias. A strong precipith reaction with group H serum was noted with Lancefield extracts of a.ll the haemolytic group H strains, with types I and 1/11 of Str. sanguis, with six endocarditis and five bacteraemia strains. The relationship between dextran production and reaction with p u p H serum is shown in Table 1, For convenience, d l those non-haemolytic streptoeocci giving a positive precipitin test with group H serum will be referred to as class X strains, and the remainder as class Y strains, irrespective of source, dextran-production, or other physiological properties. The corresponding antisera will be referred fo as class X and class Y sera. Six class X sera were prepared against four endocarditis and two bacteraemia streptococci. Three endocarditis strains and both bacteraemia strains produced a dextran.
Fifteen class Y sera were prepared against nine endocarditis strains (three of which produced dextran) Str. sanguis, type 11, two unclassified bacteraemia strains, and three strains which gave mucoid colonies after 24 hr. aerobic incubation on sucrose agar, and otherwise corresponded to the description of &.
sdivariw (Sherman, Niven & Smiley, 1943) . One of these last strains came from the dental bacteraemia series, in which it was the sole representative of its species; the other two strains came from normal mouths.
Lancefield extracts of the haemolytic group H streptococci, of the endocarditis, of the Sir. sanguis strains, and of the ten dextran-producing streptococci in the bacteraemia series were tested against all the class X and class Y sera. Extracts of all the class X strains reacted with each of the six class X sera, and some also reacted with a serum prepared against one of the strains of Str. salivarizcs in class Y, but with no other class Y serum. With extracts prepared against the class Y strains the results were very different, and only one serum in class Y (apart from the anti-salivarius serum already mentioned) reacted dehitely with any but the homologous extract. The exception, a serum prepared against a dextran-producing streptococcus ' Robinson ', reacted with three other endocarditis strains and three bacteraemia strains, all of which were dextran-producers which failed to react with group H serum. These facts are summarized in Table 2 .
Since all twelve strains in class X reacted with three different gr0up.H sera, and since all eleven haemolytic group H strains reacted with six antisera prepared against class X strains, when tested by the precipitin technique with Lancefield exhmts, it seemed highly probable that the strains in class X were nsn-hemolytic varieties of Lancdekl group H. Shoe, however, a sharing of antigens might have been responsible, absorption tests were undertaken, using a Burroughs Wellcome group H serum, and the haemolytic group H 'Challis' strain originally isolated by Hare. A bacteraemia strain 8BA, and its corresponding serum were selected to represent class X, since this was the most 
A comparison of the physiological properties of eleven haemolytic group H streptococci and twelve class X non-haemolytic streptococci is shown in Table 5 . Apart from the single characteristic of haemolysis, there is a high degree of correlation between the two collections of strains, and variations between the groups are no more than those within them. In view of the weight of serological and physiological evidence, there can be little doubt that the strains which have been placed together as class X are non-haemolytic or 'viridans' varieties of Lancefield group H.
An attempt was made to see whether, by altering the conditions of growth, the 'viridans' strains of group H could be induced to give , 8 haemolysis. Strains were incubated on 5 % (v/v) horse-, sheep-and rabbit-blood agar plates under aerobic and anaerobic conditions, and representative strains were grown in deep-blood agar plates (Brown, 1919) using blood from the various species. T w o strains were carried through twelve transplants on anaerobic horse-blood agar plates, but in no case did any strain produce g haemolytic colonies.
The classification of the remaining endocarditis strains is of some interest. One strain was a typical Str. faec.lis, which fermented glucose, mannitol, lactose, salicin and sucrose, but not inulin or raffinose, brought about rapid and complete reduction of litmus milk, hydrolysed arginine, grew at 45O, in the presence of, 6.5 NaCl, on 10 and 40 % bile-blood agar, and survived heating to 60" for 80 min. Three other strains had several characteristics of enterococci, in that they brought about a rapid and complete reduction of IP: 54.70.40.11
On: Sun, 02 Dec 2018 06:09:23 litmus milk, and weTe salt and bile tolerant ; but they failed to ferment mannitol or hydrolyse arginine, did not grow at 45" and were not heat resistant. Moreover, these strains were 'viridans ' streptococci, whereas the first was completely non-haemolytic. Lancefield extracts of the Str. faecalis strain reacted strongly with group D serum. Crude extracts of the other three strains did not react, but extracts concentrated by ethanol gave a faint reaction. Possibly these were representatives of Str. bovis, although they had several differences from the characteristics of that type as described by Sherman & Stark (1931) and by Shattock (1949). The remaining endwarditis strains could not be placed in any of Lancefield groups A-K (excluding E). Four fell into the serological type 'Robinson' and, with three bacteraemia strains, were able to absorb precipitin from a serum prepared against the strain ' Robinson '. The physiological properties of these seven strains were similar to those of Str. sanguw, type 11, all of them producing a dextran in sucrose broth and all failing to ferment inulin, to hydrolyse arginine or to grow on bile-blood agar. However, the two types were serologically distinct. The development of mucoid colonies after 3-5 days' anaerobic incubation on sucrose agar was correlated with the property of dextran-production in sucrose broth. Parallel aerobic cultures of these strains showed only slight glassiness of the colonies. No endocarditis strain produced large mucoid colonies after 24 br. aerobic incubation on sucrose agar or could otherwise be identified as Str. saliv&w, and only one such strain was found in the bacteraemia series. The classification of the bacteraemia streptococci is given in Table 6 . 
DISCUSSION
This investigation demonstrates that approximately 45 % of streptococci from cases of subacute bacterial endocarditis produced a serologically reactive d e d n in sucrose broth. This property was less common among other sfzeptococci, being found in only ten out of eighty streptococci from dental bacteraemias, but was the rule in all group H strains. Neill, Sugg, Hehre & Jaffe (1941) tested seventy-eight streptococci of various Lancefield groups and found tht only p u p H included dextran-producing strains, and the writer, in a small unreported series, had the same experience.
A proportion of the dextran-producing ' viridans ' streptococci, including types I and 1/11 of Str. sanguis, were found to belong to Lancefield group H, and the physiological properties of these strains agreed very closely with those given by White for that species. However, exceptions were noted. A strain might be atypical in one or more of the physiological tests, and still fall into Lancefield group H. Neither hydrolysis of arginine, dextranproduction, bile-tolerance, nor fermentation of inulin without fermentation of raffinose could be accepted as absolute criteria, although they were shown by the majority of group H strains, whether haemolytic or 'viridans'.
The remaining dextran-producing streptococci fell into at least four different 1 serological types. No strains were found to correspond to type I1 of Str. ~angub, nor did it appear, as Dodd (1949) contended, that type 1 1 is in any way related to Lancefield p u p H.
Loewe suggested that although strains of Str. sanguis were sensitive to penicillin in Witro, patients infected with these organisms responded poorly to therapy, the relapse rate being higher, and the proportion of successful results lower, than with all other types of streptococcal endocarditis (Loewe, 1945;  Loewe & Alture-Werber, 1946). Priest, Smith & McGee (1947) support this suggestion. There were four patients who relapsed in the twenty-nine studied by the writer. Two were treated in 1945 with small doses of penicillin and both respnded well to a second larger course. The two others were infected with group H streptococci. One was cured by 2 mega units daily for 6 weeks, the other relapsed a second time after 4 mega unit daily for 4 weeks, but was cured by a third course of 1 mega unit of penicillin daily for 6 weeks. A third patient with a p u p H infection failed to respond until the dosage of penicillin was raised to 16 mega units daily, although the organism was only twice as resistant as the Oxford staphylococcus. This patient eventually gave sterile J . S . P&&ld blood cultures after 480 mega units administered over 50 days, but died of cardiac failure 10 days later. Although this may be taken as confirming the refractory nature of some infections with group H streptococci, evidence based upon such small numbers can hardly be considered satisfactory.
Even if only one-half of the dextran-producing streptococci described by and by Hehre & Neil1 (1946) be accepted as group H strains, it would appear that a significant proportion of cases of subacute bacterial endocarditis are due to this group. Precise serological classification of the infecting strain facilitates search for the primary focus and may be useful in distinguishing between a relapse and a reinfection with a different organism. failed to find Str. sangzlis in the normal mouth and throat, although haemolytic group H streptococci are not uncommon there (Hire, 1985) . The present investigation showed that group H streptococci entered the blood stream after dental extractions and indicated one possible source, though not necessarily the only source, of these organisms in subacute bacterial endwarditis.
